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PREFACE

Authority for conducting research described in this report is contained in The
Catalog of Approved Requirement Documents (CARDS) under Project No.
1 G 762708D50606.

This research is being conducted in the Fuels Surveillance and Technology Branch,
Fuels Handling Equipment Division, Petroleum and Materials Department, U. S. Army

lobility Equipment Research and Development Center (USAMERDC), Fort Belvoir,
Virginia.
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THE EFFECTS OF APPROVED CORROSION INHIBITORS ON THE

PERFORMANCE OF MILITARY STANDARD FILTER/SEPARATORS

I. INTRODUCTION

1. Subject. This report covers an investigation of 12 corrosion inhibitors
specified in Specification MIL.-1-25017, "Inhibitors, Corrosion, Fuel Soluble," in com-
bination with the anti.icing additive (AIA) specified in Sp,'ification MIL-1-27686,
"Inhibitor, Fuel Svstcm. cing." These inhibitors are used in JP-5 fuel in accordance
with Specification MIL-F-8901. "Filter/Separators, Liquid FulI: and Filter/Coalescer
Elements. Fluid Pressure: Inspection Requirements and Test Procedures For." Per.
formance data are gathered in order to determine if a mihtarv standard filter/coalescer
element is capable of decontaminating inhibited JP-5 fuel as it is continuously injected
ith water and with water/solids combinations.

2. Purpose of Tests. Chemical addities are frequently incorporated into mili-
tar, tiielw to ,inhance their ph% -ical proprti,., and performance criteria. Field experi-
ence has indicated that surface-active agents (surfactant ) have been the cause of filter/
coale-,'er clement failurc-. The surfactants were thought to be the cause of filter/sepa-
rator failure' by "poisoning" the abilit% of the filter/separator to remoxc water and
.oljd I-ontaminants from fuels. (The filter/coalescer element is an integral part of the
filter/separator.) The purpose of these tests was to determine the effects of 12 corro-
i ,n inhibitors specified in MI!L-1-2501 7 in combination with the A1A specified in MIL-

1-27686 on the performance (if military standard filter/separators.

f the 12 corro.it , inhibitors, I litec E-51 5 (formerly Santolene-C). AFA-1.
Librizol 541. Tolad 2,14, and Tolad 245 were on the Qualified Products List (QPL)
%hi,'h iirecild thre list now in effe-ct. These corrosion inhibitors were investigated in
an earlir Iublicatiu by tl, author. In the previous report the use of an anti-icing ad-
,litit, III cornbintaliton wilh the c,,rr)sion inhibitor was not incorporated in tIhe ithiibited
t,.t i,.aiuse the filter/coalbsecr elemvintt lay-up configuration conformed t the perform-
ancE: requirements -of an varlier %'rsion of MIL-F-8401 which stipulated the use of only
one additive - a, corrosion inhibitor - in the inhibited fuel lest.

The corrosion inhibitors used in the present evaluation were as follows:
Itite,' E-515* and Ilit(vc E-534. manufactured 1 I'dwin Cooper. Inc.: AFA-I and
l)( 1-4. bN 1'. I. I11 Iont I)e Nenuurs: Nalc- 5400-A and Nalhc 5,102. bv Nalco Chem-
i1.al Co.: "l'olad 214 an "oflad 245. b\ "rolite Di% i:ion: Iubrizol-541, bN Lubrizol

*h-,rm-rh kno'*n as Saritolen" C



Corp.; PRI-1 9, by Apollo Chemical Co.; Unicor-j, by UOP Process Division: and Coll-
oro T-60, by MlcNutt Industries.

3. Background. Qualified Products List QPL.2501 7 contains the co)rrosion Mn-

hibitors that are approved for use in militarv fuels (,see Table 1).

Table 1. Qualified Product-, List of Corrosion Inhibitors

Approved for FueLs Meeting
Specifications Listed Belo%

Corrosion Manufacturer
Inhibitor5

'.0j

a E

1. AFA-I ETl DuPont De Nemours Co. + + + + 4

2. Lubrizol 541 Lubrizol Corp. + + + + +
3. Tolad 244 Tetrolite Div. + + + + 4

4. Tolad 245 Tetrolite Div. + + 4 - +

5. P111-19 Apollo Chem. Co. + + + - +

6. Hitec E-515 Edwin Cooper, Inc. + + + -

7. flitec E-534 Edwin Cooper, Inc. + + + - +
K. D1I4A E.l. DuPont D~e Nemours Co. + + + - +
9. Unicor-J U.O.P. Process Div. + + +4

10. \alco 5400-A Nalco Chum. Co. 4 + + 4

11, Nalcot 5402 Nalco C:hem. Co. - - -+

12.. Conoco T-60 McNutt hid. +

NOTF:+ approved.
- not approved.

Ilitvc E- 51 5 is the only corrosion inhibitor specified in the inhibited test of NMIL-Y-8901.
It has been extensihely used in performance test: at these laboratories and has never pr( -
sentid a major Jirolblem with the military standard filter /coalesci -r element. W~ater and
solids removal data have been collected on AFA-I. Lubrizol-541 .Tolad 244, andl Tolad
245 during previotis tests. The remaining corrosion inhibitors hime never been tested
liv the-se laboratories. With the introducition of an anti-icing additive in conmbinat ion
with a corrosion inhibitor, it became extremeI% important to test not only, tie new

corrosion/.IA inhibitor combinations but also to test those inhibitors alreadv tested
I)% thvsv Laboratories as tht-N react with anti-icing additives.



II. INVESTIGATION

4. Description of Test Facility. A closed test loop, portions of which were
glass, was used to conduct the inhibited fuel test. The loop consisted of two 3000-
gallon storage tanks, a 20 gallon per minute (gpm) centrifugal pump, water-injection
equipment, sample withdrawal apparatus, a clean-up filter/separator, a fuller's earth clay
filter, and suitable instrumentation (see Figure).

5. Test Filter/coalescer Elements. Of the five different manufacturers on the
present filter/coalescer element QPL. only one manufacturer was selected for this ill-
vesigation so as to minimize the number of variables. The filter/coalescer elements, in
accordance with MIL-F-8901, were either elements taken from a lot at USAMERDC
for quality-control testing or ordered directly from depot stock. The elements on hand
for quality-control tests were not used until it was verified that the lot from which thev
came was acceptable.

6. Performance Requirements. The performance requirements according to
MIL-F-8901 are as follows:

a. The effluent fuel when measured by in-line instrumentation shall not
exceed 5 parts per million (ppm) by volume of undissolved (free) water. One percent
wtter shall be injected into the influent fuel.

h. 'While 1% water and 0.143 gram per gallon of solids are injected, the
filter/coalescer element shall remove solid contaminants to the extent that not more
than 1.0 milligram per liter of solid contaminant shall be in the average 1-liter effluent
fuel sample. In this investigation. however, liter samples of fuel were not taken because
it was to be accepted as sufficient proof of passing or failing that the Turbidimeter (in-
line -instrumentation) would indicate total contamination whether it be in the form of
solids or water. To this end, a difference of 5 ppm or more between the blank Turbi-
dimeter reading and readings while contaminants were being injected was to be the
criterion.

C. The pressure differential across the filter/coalescer element at rated
flow shall not exceed 20 pounds per squ.-e inch (psi) before 30 minutes nor 40 psi bh-
fore 70 minutos at a solids injection rate of 0.143 gram per gallon while Vi by volume
of water is being injected.

7. Test Fuel and Contaminants. The test fuel used in this investigation wad,
P-5 con i4)rmning to M1l [-T-5624. The fuel was initially treated (or cleaned) with fuller'

earth t, insure a high W'ater Separometer Index (Modified) (W'SIM). The WSIM was 96
prior to the addition of inhibitors. Data are recorded stating WSIM's after the addition

3
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of specific inhibitor concentrations.

The water used as a tt.5t contaminant was filtered prior to being injected into
the fuel. Its residual-solids level was less than 1 milligram per Der and the pH- factor

varied from 6.5 to 7.0. The iiater was supplied by the Fort Belvoir water utility system.

The solid contaminant used was AC Spark Plug Co. test dust, coarse grade.
package no. 1.343637. obtained from the AC Spark Plug Co., Flint, Michigan.

8. Sample Analysis Procedures. Samples were analyzed for free water and solids
econtent and waler-separation properties.

The Ket-rie Turbidirneter (Model 861-B3) was employed as an in-liiie monitor-
rillu device. It operates on)i a light-s-eattering principle by dletecting inirnut' water droplets
arid solid particle . with diffused o r reflected light beams. The magnitude of light scat-
te-ring, i- In dioa Atd on a dial (gaixanomieter) staled to read inl ppm of free water arid] so!lis.

Wattr-separation properti,- of thev fuel were determrined with a Water Sepa-
ri unet''r. This ristrun erit nwcasures tlie UtSIN'I which is airindiceatioui of the ability of a
fuel or a fuel/addi tixe comiination to release en trai ned or emutlsified water whif n the
fuel is passed throughi a roalvi-vr-tN lot' wVtter separator.

9. Test P~rocedures and R"-ults. Vriory to) flt, initiation of tests. 3000) gallons of
J11-5~ fuel %scrt I reatel 1)% pa:rn ti fe( fuel throughi fidleir's earth filters too obtlaini a-a
inn ni INSl \l nrminrir r t4rot le-than 8.. Al the start of raei lest. approrpriate quities

if reorrii arid aft i-iiinig adlijc inhibitors were added lo ir on of (fte 3000"rallon
t tragci' ,a 'r- ir~tin ing I lit' te -fl ii el (:,ee ligiirr') and blendied for 20 nnriiilr's 1).% irewi

l~tt n Iiiii I'J ~ 1114l.i IrA r~--' arid cleani-up Iltr'r/sep~arator.

rt il t- eal'-'r r liiii iristalid in flit,' \'rtital tci-- %essel. %sas userd
%tli flit- Itr- rim foir -ach ii tro trri()/'IA iuiiil or cornibriniat io,.

Ip i),i r'orliplHioll ftf li)ding. fte furl wsas pimipirI throrugh fte :,cst systemr.

riludill ri ii'tball-up filter/separator, at 2( gpm to olbtain b~lank Tiirbidinneter arid]

)nii'-lrertr'nit %saltr~a iiije'rtf-rl Irr 60t iniirrn s ait thre punip inlet. fnrlurwied bN
an aildi Iii a 70) nitiilen' inl %%hih I', %,alc ti'r 0I .1 13: grain pcr trluir ofAC dust 14n-r-
inijr'ili-r. 'Vrirliil'er mnid jrrr'-isrurr rvai-.rrg- %rr recoirded rverr % 10 t~iiuites of the

130-ril fill 14. 4-1. - i r' i111njri lv liI i-' w ri' r im fi antrrtl~nurr %sill Ii1I-FI-tI9)) I

il( che ru it a filI',r/rioal-snir n-lcnir 'all (lirintig d Ic-I that panrtivunlar

5I



element was tak- a out ot .lie test vessel and immersed in inhibited JP.5 fuel for further
tests. Anoth, r new, clean, and dry filter/coalescer element was then put into the test
vessel and subjected to the same 1% water and solids removal test described above. If
this filter/coalescer also failed, it remained in the test vessel. The procedures of clean-
ing up (or removing the inhibitors from) the JP-5 fuel with water and fuller's earth
would then be carried out while the test vessel was bypassed. After the fuel was cleaned
tip, the filter/coalescer element in the test vessel wa; subjected to a 1% water removal
test. Then. the first filter/coalescer element, which had been immersed in inhibited
JP-5 fuel up to this point. was placed in the test vessel upon removal of the other cle-
ment and was also subjected to a 1% water removal test. These tests were performed in
order to verify the cause of the failure. If the filter/coalescer element tailed to decon-
taminate inhibited JP-5 fuel and also failed to decontaminate uninhibited JP-5 fucl. the
cause of failure of the original tes. would be attributed to a defective filter/coalescer
element. If the filter/coalescer failed to decontaminate inhibited JP-5 fuel b'it success-
fully decontaminated uninhibited JP-5 fuel, the cause of failure of the original test
would be attribu .d to the corrosion/AIA inhibitor coiaiination.

At the completion of each corrosion/AlA test. the JP-5 fuel was subjected to
fuller's earth treatment for thre complete passes through the clay cartridges in order
to remove the corrosion inhibitor from the fuel. Two-percent water was injected at the
inlet side of the pump during the first pass to remove the AIA in the fuel. The JP-5
fuel was treated with fuller's earth until the WSIM was not less than a minimum of 85.

Results of the tests are recorded in Tables A2 through A14 in the Appendix.

Ill. DISCIISSION

10. Evaluation of Results. The Air Force Aero Propulsion Laboratory (3FF) is
responsible for the Qualified Products List dated 3 November 1973. This QPL is co-
ordinated ulth the Army, Navy, and other user activities.

The corrosion inhibitors are qualified in accordance with Specification NI L-
1-25017 "Inhibitor, Corrosion, Fuel Soluble." The specification does not specifically
call for direct testing of filter/coalescer elements using specified combinations ot cor-
rosion/AIA inhibitors in JP-5 fuel. However. in this investigation. 4 of the 12 corrosion
inhibitors were found to be unsatisfactory when used in combination with AIA as re-
quired by the inhibited fuel test of MIL-F-8901. These findings warrant action to re-
ealuate the four un! tisfactor, corrosion inhibitors on the Qualified Products List.

6



IV. CONCLUSIONS

11. Conclusions. This laboratory concludes that the following corrosion inhibitors
should be re-evaluated by the responsible agency to reconfirm their inclusion on the
QPL:

a. Lubrizol 541, Lubrizol Corp.
b. Tolad 245, Tetrolite Div.
c. PRI-19, Apollo Chem. Co.
d. Nalco 5402, Nalco Chem. Co.

Lubrizol 541 and Tolad 245 were on previous QPL's and successfully passed
inhibited tests in accordance with the earlier Specification MIL-F-8901. But, no corro-
sion/AIA inhibitor combination was required in that specification. The current Specifi-
cation MIL-F-8901, however, requires corrosion/AMA inhibitor combinations in its in-
hibited fuel test. This may be the reason why the four corrosion inhibitors outlined in
a through d, above, in combination with AIA failed to pass the inhibited test.

7
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APPENDIX

TEST DATA

Table A2. Santolene-C (Hitec E-515) and Anti-Icing Additive Data

Corrosion Inhibitor Concentration: 16 lb/I000 bbl
AIA Concentration: 0.15%
WSIM: 47 Water Injection: 1%

AC Dust Injection: 0.143 g/gal
F/C Element: Banner. Model No. C-2037-3

Time Fuel Flow Fuel Temperature Differential Pressure Turbidimeter
(rain) (gpm) ( F) (psi) (ppm)

0 20 69 5.5 1.9
10 20 69 7.5 2.1
20 20 68 8.9 2.3
30 20 68 10.0 2.5
40 20 69 10.0 2.5
50 20 68 10.0 2.7
60 20 68 11.0 2.9
61 - AC - - -
Dust on
70 19 68 - 3.0
80 18.5 68 12.5 3.3
90 18 68 14.0 3.2

100 18.5 68 15.0 3.3
110 17 68 15.0 3.4
120 16.5 68 16.0 3.4
130 16 68 - 3.4

Pass

BL



Table A3. AFA-I and Anti-Icing Additive Data

Corrosion Inhibitor Concentration: 12 lb/1000 bbl
AIA Concentration: 0.15%
WSIM: 41

Water Injection: 1%
AC Dust Injection: 0.143 g/gal

F/C Element: Banner, Model No. C-2037-3

Time Fuel Flo% Fuel Temperature Differential Pressure Turbidimeter
(min) (gpm) (OF) (psi) (ppm)

0 20 80 6.0 1.6
10 20 82 8.0 1.7
20 20 81 8.0 1.9
30 20 82 8.0 1.9
40 20 82 8.0 1.9
50 20 82 9.0 1.9
60 20 82 9.0 2.0
61 - AC -..

Dust on
70 20 82 10.0 2.1
80 - 81 9.5 2.1
90 81 10.0 2.1

100 - 81 10.5 2.1
110 - 81 10.5 2.1
120 - 81 9.5 2.1
130 -- - 2.1

Pass

... . . . . I ll I mi luto ti l I- N II M i l . . . .. ... . . .. .. .... .



Table A4. Lubrizol 541 and Anti.Icing Additive Data

Corrosion Inhibitor Concentration: 6 lb/1000 bbl
AIA Concentration: 0.15%
'WS1,: 41

Water Injection: 1]
AC Dust Injection: 0.143 g/gal

F/C Element: Banner. Model No. C-2037-3

Time Fuel Flow Fuel Temperature Differential Pressure Turbidimeter
(min) (gpm) ("F) (psi) (p,,)

0 20 87 6.0 1.8
10 20 88 8.0 2.8
20 20 88 8.0 4.3
30 20 88 8.0 4.9
40 20 88 9.0 5.4
50 20 87 9.5 6.3
60 20 87 9.5 7.0

Failure #1
0 20 90 5.5 1.5

10 20 90 8.0 2.2
20 20 90 9.0 3.0
30 20 90 9.5 3.2
40 20 90 10.0 3.7
50 20 90 11.0 4.2
60 20 90 11.5 5.2
61 -AC
Dust on -...

70 20 90 12.0 5.6
80 19 90 13.0 5.8
90 18.5 90 13.0 6.4

100 17.5 90 15.0 6.5
110 17 90 - 7.4

Failure #2
Remove additives from JP-5 with fuller's earth and water. Retest above element that
produced failure #2 using uninhibited JP-5. Inject 1% water.

0 17.5 84 16.5 2.4
10 17' 86 18.5 1.9
20 17 88 18.5 1.9
30 16.5 88 18.0 1.9
40 16.5 88 18.0 1.9
50 16 88 18.0 1.9
60 16 89 18.0 1.9

Pas

I0



Table A5. Tolad 244 and Anti-Icing Additive Data

Corrosion Inhibitor Concentration: 6 lb/l000 bbl
AIA Concentration: 0.15%
WSIM: 60

Water Injection: 1%
AC Dust Injection: 0.143 g/gal

F/C Element: Banner, Model No. C-2037-3

Time Fuel Flow Fuel Temperature Differential Pressure Turbidimeter
(min) (gpm) (OF) (psi) (ppi,)

0 20 86 6.0 2.1
10 20 86 9.0 2.9
20 20 86 9.5 3.4
30 20 86 10.5 3.7
40 20 86 11.5 4.2
50 20 86 12.0 4.4
60 20 86 12.0 4.6
61 -AC
Dust on -...

70 20 86 13.0 5.9
80 19 86 - 5.8
90 18 86 14.5 5.3

100 17.5 86 14.5 5.2
110 17 86 16.0 5.0
120 16 87 17.0 4.8
130 16 87 17.5 4.5

Pass

11



Table ,A6. Tolad 245 and Anti-Icing Additive Data

Corrosion bihibitor (Cncentration: 12 lb/I 000 bb)
.AA Concentration: 0.155
,'SI.M: 71

% ater Injection: 1%
AC Dust Injection: 0.143 g/gal

F/C Elment: Banner. Model No. C.2037-3

Time I'm,] Flow Fuel Temperature I)ifferential Pressure Turbidimeter
(rin) (gpm) ("F) (psi) (ppm)

0 20 88 6.0 2.0
10 20 88 9.5 3.0
20 20 89 11.0 5.0
:30 20 - 12.0 7.4

Failure #1
Remo,,' additives from jP-5 with filler's- earth and %ah'r. Retest above element that
prdwed failure #I tising uninhibited JP-5. Inject I %i water.

0 19.5 86 10.5 2.8
10 19.5 86 11.0 2.1
20 19 86 13.0 2.2
30 19 86 13.5 2.2
40 1 ( 86 13.5 2.2
51 19 86 2.2
60 1 86 - 2.2

Pass #1
0 20 88 6.0 2.1

10 20 89 9.0 2.1
20 20 90 9.5 2.4
30 20 90 9.0 2.7
40 20 90 13.0 3.6
50 I') 90 14.0 4.5
60 19.5 90 - 5.6
61 - A\C
Dust on - -.

70 18.'. 89 18.0 8.6
80 17 89 19.0 8.6
90 16 - - 8.0

Failure #2
i 'move additi ,- frotm .IP-5 %ith foller*\ earth and %,aher. Ritest abow ehmcent that
produ'ced ftiluri #2 using uninhibit,ed .11),5. Inject Vi water.

12



Table A6 (cont'd)

Time Fuel Flow Fuel Temperature Differential Pressure Turbidimeter
(min) (gpm) (OF) (psi) (ppm)

0 17 86 17.0 2.3
10 17 86 16.0 2.1
20 15.5 86 19.0 2.4
30 15.5 86 19.0 2.4
40 15.5 86 19.0 2.4
50 15.5 86 19.0 2.4
60 15.5 86 19.0 2.4

Pass #2

13



Table A7. Apollo PRI-19 and Anti-Icing Additive Data

Corrosion Inhibitor Concentration: 4 lb/1000 bbl
AIA concentration: 0.15%
WSIM: 46

Water Injection: 1%
F/C Element: Banner, Model No. C-2037.3

Time Fuel Flow Fuel Temperature Differential Pressure Turbidineter
(rnin) (gpm) (OF) (psi) (ppm)

0 20 74 8.5 2.3
10 20 74 9.0 2.7
20 20 74 10.0 3.6
30 20 74 10.5 4.4
40 20 74 11.5 5.4
50 20 74 11.5 6.2
60 20 74 12.0 7.6

Failure #1
Remove additives from JP-5 with fuller's earth and water. Retest above element that
produced failure #1 using uninhibited JP-5. Inject 1% water.

0 20 74 9.0 2.1
10 20 73 10.5 2.3
20 19.5 73 12.5 2.3
30 19 74 12.5 2.3
40 19 74 12.5 2.3
50 19 74 12.5 2.2
60 19 - - 2.2

Pass #1
0 20 71 7.0 2.3

10 20 72 11.0 3.7
20 20 72 11.5 5.3
30 20 72 12.0 7.8

Failhm #2
Remove additives from JP-5 with fuller's earth and water. Retest above element that
produced failure #2 using uninhibited JP.5. Inject 1% water.

0 20 70 10.5 2.2
10 19.5 71 12.5 2.5
20 195 71 13.5 2.4
30 19 72 13.5 2.4
40 19 72 13.5 2.4
50 19 72 13.5 2.4
60 19 72 13.5 2.4

Pass #2
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Table A8. Santolene CM (Hitec E.532) and Anti-Icing Additive Data

Corrosion Inhibitor Concentration: 8 lb/1000 bbl
AIA Concentration: 0.15%
WSIM: 52

Water Injection: 1%
AC Dust inJection: 0.143 g/gal

F/C Element: Banner, Model No. C-2037.3

Time Fuel Flow Fuel Temperature Differential Pressure Turbidimeter
(min) (gpm) (OF) (psi) (ppm)

0 20 71 8.0 2.3
10 20 70 10.0 2.5
20 20 70 11.5 2.5
30 20 70 12.0 2.6
40 20 70 12.0 2.7
50 20 70 12.0 2.9
60 19.5 70 13.0 3.1
61 - AC
Dust on -...

70 19.5 70 12.0 2.7
R0 19 70 12.5 2.7
90 18 70 14.0 2.7

100 18 70 14.0 2.7
110 18 70 14.0 2.8
120 17.5 70 14.0 2.8
130 17 70 15.0 2.8

Pass
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Table A9. DCI-4 and Anti-Icing Additive Data

Corrosion Inhibitor Concentration: 8 lb/ 1000 bbl
AIA Conecntration: 0.1 5ri

V SIM: 50
Water Injeciion: 1%
AC Dust Injection: 0.143 g/gal

F'C Element: Banner. Model No. C-2037-3

Time Fucl Flo Fuel Temperature Differential Pressure Turbidimeter
(win) (gpm) (oF) (psi) (ppm)

0 20 90 8.0 2.5
10 20 90 11.0 2.5
20 20 90 11.0 2.5
30 20 90 10.5 2.5
40 20 90 11.0 2.6
50 20 90 11.5 2.6
60 20 90 12.0 2.7
61 - AC
Dust on -....

70 20 90 12.0 2.7
80 20 90 12.0 2.7
90 19.5 90 11.5 2.8

1o0 19 90 12.0 2.8
110 19 90 12.0 2.9
120 19 90 12.0 2.9
130 18.5 90 12.0 2.9

Pass
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TablhAl' . Conoco T-60 a nd Anti-Icing Additive Data

Corrwiorn Inhibittr Concen tration: 16 lb/i000 bbl
AlA U1 incentration: 0.155c
\\SIM: 51

Wtater lInjction 1%
AC Dust njectioni: 0.143 g/gal

FC ELintnt: Banner. M1odel No. C-2037-3

Tinit hit, Fhi%- Fuel Temperature Differential Pressure Tirbidimeter
(mill) (gpil) ('F1) (psi) (ppm)

0 20 78 3.5 2.3
t0 20 78 9.5 2.3
21) 20 78 9.5 2.3
30 201 .8 1 1.0 2.3
I0 20 78 1 1.5 2.3
5(0 20 78 Ii ., 2.3
0) 20 78 I 1.5 2.3
11 - AC
I Plii~ ttil---

70 1'4 76 11.5 2.6
80 11) 76 11.0 2.5
'9ii 18 77 i1.0 2.5

1001 18 77 11.0 2.4
11( 18 713 11.5 2.4
120 17.5 78 12.0 2.4
1 i0 17 78 12.0 2.4

Pass
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Table All. Nalco 5400-A and Anti-king Additive Data

Corrosion Inhibitor Concentration: 8 lb/1000 bbl
AIA Concentration: 0.15%
WSIM: 45

Water Injection: 1%
AC Dust Injection: 0.143 g/gal

F/C Element: Banner, Model No. C-2037-3

Time Fuel Flow Fuel Temperature Differential Pressure Turbidimeter
(min) (gpm) (OF) (psi) (ppm)

0 20 80 il.O 3.0
10 20 80 12.0 3.0
20 20 80 12.5 3.1
30 20 80 11.5 3.2
40 20 80 11.5 3.3
50 20 80 12.5 3.4
60 19.5 80 12.5 3.4
61 - AC
D u st o n - ...
70 19.5 80 12.0 3.3

80 19.0 82 12.0 3.1
90 18.5 82 13.0 3.2

100 18.5 82 13.5 3.0
110 17.5 82 14.0 2.9
120 17.5 82 14.0 2.9
130 17.5 82 15.0 2.9

Pass
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Table A12 Lnicor-J and Anti-lcing Ad(hitiv )ata

Corrosion Inhibitor Conrent ration: 8 lb/I 000 bbl
AIA Concentration: 0.15 5
,'SIM: 63

Water Injection: I
AC Dust Injection: 0.1-13 gigal

F/C Element: Banner. Model No. C-2037-3

Time Fuel Flo % Fu,' Temperature Differential l'ressur Turbidi'meter
(nin) (gpm) ((F) (psi) (I,'Im

0 20 73 5.0 2.1
10 20 73 7.5 2.2
20 20 73 8.0 2.2
30 20 73 7.5 2.2
40 20 73 8.0 2.2
50 20 73 8.0 2.2
60 20 73 9.0 2.2
61 - M,
Dust on - - -

70 20 73 9.0 2.2
80 20 73 1 1.0 2.2
90 19.5 73 11.0 2.2
100 19 -3 11.0 2.2
110 18 73 14.0 2.2

120 17 73 15.0 2.2
130 15.5 73 17.0 2.2

P~a
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Table A13. Nalco 5402 and Anti-Icing Additivc Data

Corrosion Inhibitor Concentration: 8 Ib/1000 bbl
AIA Concentration: 0.15%
WSIM: 48

Water Injection: 1%
AC Dust Injection: 0.143 g/gal

F/C Element: Banner, Model No. C-2037-3

Time Fuel Flow Fuel Temperature Differential Pressure Turbidimeter
(min) ((pm) F) (psi) (ppm)

0 20 85 7.0 2.0
10 20 85 10.0 3.0
20 20 85 11.5 3.8
30 20 85 12.0 4.6
40 20 85 12.5 5.1
50 20 85 10.0 5.7
60 20 85 12.0 5.8
61 - AC
Dust on -..

70 20 85 14.0 9.4
Failure #1

Remove additives from JP-5 w-ith fuller's earth and water. Retest above element that
produced failure #1 using uninhibited JP-5. Inject M. water.

0 19 88 10.0 2.1
10 19 86 13.0 2.4
20 19 86 13.0 2.3
30 19 87 13.0 2.3
40 19 88 13.0 2.3
50 19 88 13.0 2.3
60 19 89 13.0 2.3

Pass #1
0 20 87 9.0 1.9

10 20 86 12.0 2.8
20 19 86 13.5 3.4
30 18.5 87 14.0 3.5
40 18 87 14.0 3.7
50 18 87 14.0 3.7
601a )  18 87 14.0 3.8
61 - AC
l)ust on -
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Table A 13 (cont'd)

Time Fuel Flo% Fuel Temperature Differential Pressure Turbidimeter
(min) (gpm) (OF) (psi (ppm)

70 18.5 85 13.5 6.9
80 18 85 15.0 6.2
90 (b)  17.5 85 16.5 5.2
95 18.5 86 16.5 7.8

Failure #2
Remove additives from JP-5 with fuller's earth and water. Retest above element that
produced failure #2 using uninhibited JP-5. Inject 1% water.

0 18 83 14.5 1.8
10 17 86 16.0 2.5
20 17 86 17.0 2.4
30 17 86 17.0 2.4
40 17 87 17.0 2.3
30 17 87 17.0 2.3
60 17 87 17.0 2.3

Pass #2

(a) Test was stopped after 60 minutes to re-clean and re-inhibit fuel so as to have ample supply for remainder of
test. Total = 2 days stoppage.

(u) Test was stopped. Nloyno pump needed repairing. Total = 3 days stoppage.
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